Background--Bradycardia on presentation is frequently observed in patients with right coronary artery ST-segment elevation myocardial infarction, but it is largely unknown whether it predicts poor angiographic or clinical outcomes in that patient population. We sought to determine the prognostic implications of admission heart rate (AHR) in patients with ST-segment elevation myocardial infarction and a right coronary artery culprit lesion.
R esting heart rate has been identified as a modifiable risk factor of cardiovascular outcomes in patients with coronary artery disease. [1] [2] [3] [4] [5] [6] During the acute phase of STsegment elevation myocardial infarction (STEMI), elevated admission heart rate (AHR) portends a poor short-and longterm prognosis compared with a lower AHR in patients managed with thrombolytic therapy or percutaneous coronary intervention (PCI). 7, 8 Elevated AHR is often associated with anterior infarcts 8 ; however, it is unknown whether the frequently observed sinus or junctional bradycardic response in the setting of inferior STEMI confers clinical benefit or risk in that patient population. An early report indicated that 75% of patients with inferior myocardial infarction present with sinus bradycardia within 15 minutes of infarction, as opposed to 15% of patients with anterior myocardial infarction. 6 Recently, a registry-based study has demonstrated an association between AHR and poor cardiovascular outcomes in patients with STEMI, 8 but the nature of the study did not allow for angiographic correlation and determination of the prognostic implications of AHR depending on the infarct-related artery (IRA). Therefore, the aim of this study was to analyze the relationship between AHR, angiographic correlates, and cardiovascular outcomes in patients with a right coronary artery (RCA) culprit lesion undergoing primary PCI in the setting of acute STEMI.
Methods Study Population
Details of the rationale, design, and results of the HORIZONS-AMI (Harmonizing Outcomes with Revascularization and Stents in Acute Myocardial Infarction) trial have been previously published. [9] [10] [11] In brief, HORIZONS-AMI was a prospective, dual-arm, open-label, randomized, multicenter trial in patients with STEMI who were undergoing primary PCI that compared bivalirudin alone with heparin plus a glycoprotein IIb/IIIa inhibitor (primary randomization) followed by a secondary stratified randomization in a 3:1 fashion to either paclitaxel-eluting stents (TAXUS Express, Boston Scientific, Marlborough, MA) or uncoated, bare metal stents that were identical in appearance (Express, Boston Scientific). The study was approved by the institutional review board or ethics committee at each participating site. All subjects provided informed consent. Consecutive patients 18 years of age or older who presented within 12 hours after the onset of symptoms and who had ST-segment elevation of ≥1 mm in ≥2 contiguous leads, new left bundlebranch block, or true posterior myocardial infarction were considered for enrollment. The principal exclusion criteria were contraindications to the study medications. A total of 3602 patients were enrolled at 123 international centers. Emergency coronary angiography with left ventriculography was performed after randomization, followed by triage, at the discretion of the physician, to PCI, coronary artery bypass grafting, or medical management, as described previously.
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Two primary end points were prespecified: major bleeding (not related to coronary artery bypass grafting) and net adverse clinical events, defined as the combination of major bleeding and major adverse cardiac events (MACE; death, reinfarction, target-vessel revascularization for ischemia, and stroke). All primary end point events as well as stent thrombosis and stent failure/malfunction were centrally adjudicated by a clinical events committee blinded to treatment assignment using strict protocol-described definitions. The present analysis was not prespecified in the HORIZONS-AMI trial. Formal analysis was limited to patients who had an angiographically documented RCA culprit lesion and who underwent primary PCI and serial ECGs as per protocol. AHR was based on the baseline ECG performed on each subject. Patients were categorized according to AHR in 4 groups: <60, 61 to 79, 80 to 99, and >100 beats per minute (bpm). Patients with acute high-grade atrioventricular block (AVB; Mobitz II, III, and 2:1 AVB) were excluded. Patients with left anterior descending artery (LAD) IRA and left circumflex IRA were also analyzed according to AHR range for comparison for MACE and mortality at 1 year.
Statistical Analysis
Continuous variables were expressed as median and interquartile range and were compared using the Wilcoxon rank sum test. Categorical variables were compared using the v 2 test or Fisher exact text (when the expected cell count was <5). Survival analysis for clinical outcomes was performed using Kaplan-Meier curves and the log-rank test. Multivariate
Clinical Perspective
What Is New?
• In patients with right coronary artery ST-segment elevation myocardial infarction, sinus or junctional bradycardia on admission does not portend poor long-term prognosis and is not a reliable predictor of angiographic lesion location or complexity.
• In patients with right coronary artery ST-segment elevation myocardial infarction, sinus or junctional tachycardia on admission is associated with increased mortality and major adverse cardiac events at 1 year.
What Are the Clinical Implications?
• In patients with right coronary artery ST-segment elevation myocardial infarction, bradycardia on admission is not a marker of lesion complexity or location; however, tachycardia on admission indicates a severe ischemic substrate and should be approached as rigorously as in patients with anterior infarcts, with aggressive medical therapy and rapid revascularization.
Cox proportional hazard models were used to derive the adjusted hazard ratio (HR) and 95% CI of AHR on mortality and MACE to ascertain the independent prognostic significance of AHR on these events. The following variables were included in this multivariable analysis: age, previous myocardial infarction, diabetes mellitus, heart failure, left ventricular ejection fraction <40%, cardiogenic shock, AHR range, and b-blocker use on admission. To test the assumption of proportional hazards, an interaction term of each covariate by time was created and tested, along with the main effect of the covariate, in a proportional hazards model for both time to death and time to MACE. For any interaction terms that were significant, Kaplan-Meier survival curves were examined across strata of the covariate to ascertain whether the interaction was disordinal (ie, whether the survival curves crossed). Using this method, the proportional hazards assumption was found to be tenable for all covariates. To account for missing values for left ventricular ejection fraction, additional sensitivity analysis was performed using a Markov Chain Monte Carlo method to impute 20 data sets. All tests were 2-tailed, and P<0.05 was considered to indicate statistical significance. All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).
Results

Baseline Characteristics
The RCA was the IRA in 1460 patients (75.5% men; mean age 59.6 years). Conversely, the LAD was the IRA in 1403 patients and the left circumflex was the IRA in 550 patients. Baseline and procedural characteristics of patients with an RCA culprit lesion are presented in Table 1 . Patients with AHR ≥100 bpm had more frequent clinical evidence of cardiogenic shock on presentation compared with lower AHR. Left ventricular ejection fraction <40% was also more frequently observed with increasing AHR. Symptoms onset-to-balloon time increased linearly across AHR, with the longest delay observed in the AHR ≥100 bpm group. Utilization of bblockers and calcium channel blockers at baseline did not differ significantly across AHR groups.
Angiographic Correlates
Angiographic correlates of AHR in patients with an RCA culprit lesion are shown in Table 2 . Patients with admission tachycardia (AHR ≥100 bpm) had more frequent severe calcification compared with all other AHR groups; thrombolysis in Values are shown as % (n/N) or median (interquartile range). AHR indicates admission heart rate; RCA, right coronary artery.
myocardial infarction 0/1 and myocardial blush 0/1 were observed more frequently with increasing AHR. Intracoronary thrombus was observed with similar frequency among patients with low (<60 bpm) and high (≥100 bpm) AHR. There was no evidence of an association between AHR and lesion location or complexity. Table 3 summarizes 30-day and 1-year death, cardiac death, net adverse clinical events, MACE, reinfarction, and major bleeding (non-coronary artery bypass graft related) in patients with an RCA culprit lesion. RCA IRA and admission bradycardia had similar net adverse clinical events, MACE, major bleeding, and death rates compared with an AHR range 60 to 99 bpm; however, elevated AHR (≥100 bpm) resulted in significantly worse clinical outcomes at 30 days and 1 year compared with all other groups. Patients with admission bradycardia had nominally higher crude death rates at 1 year compared with the reference group, but this was not statistically significant. Unadjusted analyses according to culprit vessel indicated that admission tachycardia was associated with increased death and MACE across the spectrum of culprit vessels (Figures 1 and 2 
Clinical Outcomes
Discussion
In the present analysis of AHR in patients with STEMI treated with PCI, we demonstrated that (1) sinus or junctional bradycardia (AHR <60 bpm) did not portend a worse Values are shown as % (n/N). ACC indicates American College of Cardiology; AHA, American Heart Association; AHR, admission heart rate; bpm, beats per minute; RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction.
prognosis for patients with RCA IRA compared with patients with normal heart rate on admission; (2) admission tachycardia (AHR >100 bpm) was an ominous prognostic factor irrespective of IRA, with a pronounced effect on outcomes in patients with RCA IRA, similar to LAD and left circumflex culprit vessels; and (3) AHR was not a reliable predictor of angiographic lesion localization or complexity in the RCA. Several epidemiologic studies have suggested a near linear relationship between AHR and cardiovascular outcomes in patients with or without preexistent cardiac disease.
3,4 Early Values are shown as % (n). AHR indicates admission heart rate; bpm, beats per minute; RCA, right coronary artery. analyses of patients presenting with acute coronary syndromes in the prethrombolytic era demonstrated a linear relationship between admission AHR and early mortality. 13 While the negative influence of increased AHR in patients with acute coronary syndromes has been confirmed in the thrombolytic and PCI eras, 8, 14 there is still conflicting evidence regarding the impact of admission bradycardia that is predominantly noted in patients with inferior infarcts. Our findings indicate that the association of AHR with mortality followed a J-shaped curve in patients with an RCA IRA and were in agreement with previously published data on patients with non-STEMI 1,2,5 as well as STEMI. 7, 8 An association between low AHR and mortality was previously observed by Parodi and colleagues 8 in a large single-center registry of patients with STEMI undergoing primary PCI; the authors commented on the potential association between lower AHR (<60 bpm) and pre-agonic states or life-threatening arrhythmias; however, consistent with our findings, admission bradycardia was not an independent predictor of mortality at 6 months. Further, Salwa and colleagues 15 presented a retrospective analysis of patients with STEMI and reported a U-shaped relationship between AHR and mortality; however, the treatment modality was not indicated. Our study expands these observations to demonstrate a significant association between admission tachycardia and 1-year clinical outcomes while affirming the lack of adverse prognostic significance of bradycardia on presentation in a STEMI population with RCA disease treated with primary PCI. Qualitative and quantitative analysis in the current study demonstrated a trend toward increasing lesion complexity with increasing AHR in patients with an RCA culprit lesion, with a predominance of complex angiographic features in the tachycardia group, such as thrombolysis in myocardial infarction 0/1, myocardial blush grade 0/1, and severe calcification. In contrast, bradycardia was not associated with lesion complexity or localization within the proximal or ostial RCA, contrary to prior findings by Serrano and colleagues, 16 which indicated a strong association between ostial/proximal RCA lesions and AHR. This discrepancy may be explained by a number of factors. First, our results reflect the current era population presenting with STEMI; as such, we did not exclude patients previously treated with b-blockers or calcium channel blockers, potentially affecting the observed results. Further, our analysis excluded patients with acute AVB, a phenomenon typically associated with ostial or proximal RCA lesions or very extensive LAD disease; however, acute AVB was noted in 1.5% of the HORIZONS AMI population (2.2% in the RCA IRA population), and it was unlikely that inclusion of patients with AVB would have a significant impact on the present analysis. A separate HORIZONS-AMI analysis of patients with highgrade AVB during the acute phase of STEMI indicated a direct association with long-term mortality 17 likely explained by a direct ischemic insult on the atrioventricular conduction system rather than a heightened parasympathetic drive that leads to sinus or junctional bradycardia and does not correlate with increasing size of myocardium at risk. Our analyses provides further insight into the old question of whether heart rate is an independent factor or a prognostic marker of increased risk in patients with STEMI, as we clearly demonstrated that increased AHR was an ominous prognostic predictor of mortality irrespective of the affected coronary vessel and further showed that slow heart rate was neither a predominant RCA IRA phenomenon nor was it associated with worse outcomes in that patient population. Collectively, our results indicate that admission tachycardia in patients with RCA IRA indicates a severe ischemic substrate and should be approached as rigorously as in patients with anterior infarcts using aggressive b blockade and rapid revascularization.
Limitations
Several limitations must be noted. First, this analysis was not prespecified in the HORIZONS-AMI protocol, and the methods utilized were not conceptualized for assessment of the impact of AHR on clinical outcomes. Second, the sample size on each AHR group defined for the purpose of this analysis did not allow for complex statistical modeling, and some important parameters may have been overlooked. Further, patients with advanced AV nodal disease were excluded; this may have impacted our results in patients with RCA infarcts, given the more frequent occurrence of advanced AVB in that population. However, the overall incidence of acute advanced AVB in the HORIZONS-AMI cohort was low and as such, it is unlikely that our results would have been significantly different with the inclusion of patients with AVB. Third, electrocardiographic assessment (with right-sided leads) or imaging for right ventricular infarction was not specified in the HORIZONS AMI protocol and our results might not be generalized to patients with hemodynamically significant right ventricular infarction. Last, a significant number of patients were on b-blockers or calcium channel blockers at the time of presentation and admission, potentially affecting the number of patients presenting with STEMI and bradycardia; however, b-blockers and calcium channel blockers were equally utilized across all AHR groups in patients with an RCA IRA. Further, our population reflected the current standard of care.
Conclusions
In patients with STEMI and an RCA IRA, admission tachycardia correlated with complex angiographic findings and portended a significant risk for MACE and mortality at 1 year. In contrast, admission bradycardia, although frequently observed, was not associated with proximal/ostial lesion localization or complexity and was not an independent predictor of mortality or adverse cardiac outcomes. The following covariates were included in the multivariable analyses: age, previous myocardial infarction, diabetes mellitus, congestive heart failure, left ventricular ejection fraction <40%, cardiogenic shock, AHR range, and b-blocker use on admission. Covariates not presented in the final model were non-statistically significant. AHR indicates admission heart rate; bpm, beats per minute; RCA, right coronary artery. *AHR 60 to 79 bpm was used as reference.
